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ABSTRACT
A dehydrated salted fish product, designed to 
serve as protein source primarily for low-income families 
in Brazil, was developed from underutilized species of shark 
An adequate process for eliminating urea from the 
shark flesh was attained by determining the amount of urea 
removed with (1) lactic acid, (2) citric acid and (3) acetic 
acid, at various concentrations from 0.1 to 5-0 percent of 
each acid. In this investigation, distilled water was 
employed as the control for comparative purposes. Shark 
fillets were immersed in each solution for three hours at 
5° C., and the percent of urea was determined both before 
and after treatment.
Analysis of variance of the results showed that 
acetic acid removed more urea from shark meat than the 
other acids. Variations existed in the behavior of the acid 
solutions, because the rate of urea release was not uniform 
for different shark specimens subjected to the treatments. 
Also, it was shown that urea removal by the acids was 
greater when the fillets being treated contained higher 
amounts of this compound initially. For both economic advan­
tages, and to prevent the possibility of reagent off-flavors 
in the final product, it is recommended that shark flesh be 
processed with 1 percent acetic acid for the removal of urea 
Since dehydrated salted shark products, are likely 
to be affected by discoloration during storage, the effects 
of ascorbic acid, tripolyphosphate, and citric acid/EDTA,
viii
combined with controlled packaging conditions, were investi­
gated as possible additives for preventing these undesirable 
degradation reactions. Color changes in the various treated 
products during storage was monitored by means of photo­
graphs, and an organoleptic panel which was conducted 
initially and after 3° and 90 days storage. Sensory panel 
scores for internal and external appearance, color and odor 
of dried salted shark meat were analyzed statistically and 
the correlation coefficients, sensory panel results and 
chemical values for total volatile bases, thiobarbituric 
acid, and pH, of shark meat were evaluated.
Findings from this study indicate that citric acid 
combined with EDTA was the most effective treatment for 
preventing discoloration of shark flesh during storage.
All the samples stored under vacuum packaging received 
higher scores for every attribute tested than those stored 
under air packaging. There was a series of significant 
correlations between changes in the organoleptic 
characteristics examined and the results of chemical tests 
on TBA, TVB, and pH.
Based on this investigation the following 
recommendations are being made: l) use of acetic acid for 
the removal of urea from shark meat, 2) utilization of 
only high quality raw materials and good manufacturing 
practices for producing dehydrated salted shark, and 3) 
a citric acid/EDTA mix combined with vacuum packaging to 
prevent discoloration in dried salted shark.
I. INTRODUCTION 
The utilization of shark flesh for the development 
of various kinds of food products, especially those formu­
lated to serve as protein sources in the developing nations 
of the world, offers the most promising and unlimited 
opportunities for the fishing industry.
Underutilized species of sharks are frequently 
found in abundance along the Atlantic coast of Brazil 
(Sadowski, 1971) and recent studies have demonstrated that 
highly acceptable food products could be made from them 
(Morris, 1975)- The usually high levels of urea normally 
present in shark flesh that considerably limit its utili­
zation could be successfully dealt with the improvement 
and development of new procedures for the elimination of 
this undesirable compound.
Although the consumption of shark flesh by human 
beings goes as far back as one hundred centuries, there 
has been almost no interest in promoting production and 
consumption of these species by the potential fisheries 
production countries of the world. With the exception of 
Australia and a few East Asian and Latin American countries 
marketing and utilization of shark species are relatively 
scarce and in most instances nonexistent.
Perhaps only along the long United States coast 
still remains untouched one of the most abundant shark 
production areas of the world. One of the most important 
reasons why this fact still prevails is because of the
erroneous popular belief that most sharks are man-eaters 
and unfit for human consumption. It is also a common 
practice to discard shark specimens, captured either by 
commercial or sport fishermen, back into the sea because 
they thought they would not be marketed or accepted by 
the consumers.
Species of shark which inhabit the Gulf coast area 
such as sand shark, dusky, sharpnose, bonnethead and black- 
tip, were used in taste tests with hundreds of people in 
Texas as part of a research experiment to determine the 
acceptability of shark by the average consumers. Results 
were highly favorable and shark meat proved beyond question 
to be palatable to American tastes. This study indicated 
that a lack of bones, firm texture, pleasant taste, eco­
nomical price and recipe preparation versatility are some 
important characteristics that make shark meat especially 
appealing (Reddell, 1976).
According to Sadowski (1971) > the utilization and 
marketing of sharks and related species in Brazil is 
insignificant when compared to other nations in Africa 
and Asia. This author also indicated that unlimited 
opportunities do exist, if the fishermen are provided 
with adequate marketing channels, for a substancial 
increase in the capture and consumption of sharks along 
the wide Brazilian coast.
In this world of today, greatly affected by food 
shortages in particular protein sources in the developing
nations we should not underestimate and let this great 
opportunity to produce and promote the utilization of 
shark meat as food unexplored. The development and 
utilization of a dehydrated salted fish product similar to 
"Bacalhau", made from underutilized species of shark, would 
he of great benefit in particular for the considerable 
number of low-income people in the north and northeastern 
areas of Brazil.
The purpose of this investigation was: 1) to 
develop a palatable and stable dried salted product made 
from underutilized species of shark; 2) to evaluate the 
effectiveness of acetic, citric and lactic acid, at 
various concentrations, on the elimination of urea from 
shark flesh; 3) attempt to determine the mechanism of 
discoloration that seems to affect the product during 
storage and evaluate the efficiency of ascorbic acid, 
tripolyphosphate and citric acid combined with EDTA on the 
prevention of this undesirable reaction. Organoleptic 
scores for color, appearance and odor, were used to 
evaluate product changes during storage in combination 
with chemical tests such as the total volatile bases (TVB) 
values, thiobarbituric acid values (TBA) together with 
pH changes and the use of air and vacuum packaging.
REVIEW OF LITERATURE
Sharks, also known as elasmohranch fishes, belong to 
the class Chondrichthyes. They are cartilaginous in nature, 
having partially calcified vertebrae, modified scales and 
teeth covered with a hard vitrodentine enamel-like material.
There are from 250 to 300 species of sharks which 
are widely spread throughout the oceans of the world. Despite 
the high urea content in shark flesh and a common belief that 
they are man-eaters unfit for consumption, most species are 
edible.
World shark landings are reported to be about 900,000 
metric tons per year over the last 5 reporting years, 1969-7 -^ 
According to the data shown in Table 1, the world capture 
shows an increase of more than 25% over a period of 9 years, 
with the greatest increases occurring in the catches from the 
east central Atlantic and west Indian oceans.
There is not sufficient information about the standing 
stocks of sharks, but Table 1 suggests that the present catch 
level can be tolerated without threat of depletion of the 
stocks.
The most recent data on the U.S. commercial landings 
for sharks and dogfish report a total of 1,262,000 lbs and 
6,928,000 lbs respectively for 1977, which is insignificant 
when compared with other areas of the world,
I- The presence of urea in shark meat
One of the most limiting factors in the utilization 
of shark as food is the presence of a considerable amount of
Table 1
World Landings of Sharks 1965-73 (in thousand metric tons)*
Years
Location 1965 1966 1967 1968 1969 1970 1971 1972 1973
NW. Atlantic 10.3 11 .1 7-2 8-3 12.0 7-5 1^.8 15-2 20.2
NE. Atlantic 6k.2 67.6 78 .6 7k. 8 88. 7 78.0 66.3 69. k 69-5
W.C. Atlantic 9-2 9-6 10.1 10.6 9.6 6.8 7 0 7-5 9.6
E.C. Atlantic 9.k 8.7 7-3 11.8 12.8 3 6.7 k2.1 k8.2 k8.k
Mediterranean 
and Black Sea
10.3 9.4 16.0 11-3 11.1 6.0 9.6 6.8 6.5
SW Atlantic lk.k 1^.8 22. k 22. 3 23.3 19-8 18.7 19-1 18.2
SE Atlantic 3.6 8 . k 6 . k 6.3 6.9 6. 2 3-9 6.3 6.6
W. Indian 0. 57-9 73-6 7 8 .2 75-1 81 .k 75.8 78.9 110.0 150.7
E. Indian 0. 27 26.0 20.6 2k. k 29. 2 36.3 31-7 28.8 19-9
NW Pacific 58.7 62.3 62.1 83.7 79-6 81.2 78.9 ^5.9 k2.8
NE Pacific 0.9 0.8 0.6 0.6 0.3 0.3 0.1 0.2 5-3
W.C. Pacific 10.7 12. 7 10.2 1^.6 16.1 17.^ 15-5 17-3 7-k
E.C. Pacific 12.7 10.1 12.7 9.9 10.5 13.k 12.3 11.6 15.5
SW Pacific 9-5 11.0 8.8 3.k 2.8 3-3 k. 5 3-5 3.6
SE Pacific . 7..-0 8.7 13.0 16 .k 10.3 13-1 9.8 8.1 19-6
Totals 306.2 33 4.8 35^-2 37k. 5 391-3 398.7 39^.8 397-0 kk7.8
(*) From: FAO "Yearbook of fishery stallstics-catches and landings, 1973"* 36:590.
6urea in its flesh. Sharks may contain up to 2.5% urea, which 
is highly concentrated in the blood and in lesser amounts in 
the tissues.
The mechanism by which ammonia can be formed from the 
urea in the shark meat was investigated by Shimizu and Keiichi, 
(1952).They verified that an increase in the ammonia content 
was due to the action of microorganisms and not to the urease 
already present in the muscles and that this increase was 
directly proportional to the amount of urea present,
Suyama e_t al. (1950), determined the amounts of urea 
in several species of shark. They found that in the decaying 
process of blue shark (Prionace glauca) at 35°C, there was a 
linear decrease in the urea content due to the action of 
microorganisms and that after 48 hours all the urea was 
decomposed by microbial urease.
Sverre and Bakken (1952) studied the reactions of 
Trimethylamine oxide (TMAO) and urea during the storage of 
sharks at about 0°C. They found that more urea and more TMAO 
were split during the decomposition process than what could be 
estimated by analysis of ammonia and Trimethylamine (TMA).
Robertson (1975) conducted studies to find out the 
significance of the osmotic constitutents of the blood plasma 
and parietal muscle of Squalus acanthias■ Table 2 shows data 
of this investigation.
Bose et al.(l958), working with the species Carcharias, 
found that among several physical and chemical methods used 
in the removal of urea from shark meat, the use of a 2 %
Table 2
Nitrogenous Constituents of Plasma and Muscle of Squalus acanthias
Urea TMAO Betaine Creatinine 
(mg per
Creatine 
Kg water)
Amino-N NH^ NPN (*)
Total
Plasma 308 72. A 9-1 0 .0A6 0.126 11.6 0. Ao 838
S .D. 31. 3 15-0 13.5 0.009 0.09 3-9 0 . A6 93-3
N 7 7 A 3 3 A 3 A
Muscle 333 180 100 1.02 68.2 108 A .7 IAA7
S .D. 18.8 31.6 33-5 0.81 8.3 2A. 0 3.8 89.2
N 7 7 7 3 13 7 A 7
(*) mg-atoms; TMAO = trimethylamine oxide; NPN = nonprotein nitrogen
Source: Robertson, J.D. , (1975)
8NaHCO^ solution was the most effective of all,
Ogawa et al. (1973) conducted a combination of 
treatments including washings in icy water, acid solutions 
and thermic treatment at 60°C for 15 minutes to eliminate 
urea and inhibit enzymes responsible for the formation of 
ammonia in shark meat. Their work indicate that the product 
so treated gave a negative Nessler test for urea and that the 
strong odor in the meat seemed to be eliminated after a long 
salting period.
In 1969 a special group organized by the FAO, in 
relation to the inspection and quality control of fish, 
recommended the use of immersion treatment shark meat in 
citric acid solution prior to salting and drying in order to 
remove the urea,
Gordievskaya, V. S., (1973) carried out a detailed 
study on the presence of urea in several species of shark 
found in the Soviet Union and tested also several chemical 
and physical methods of lowering the urea content. According 
to this author, there is a well defined selectivity among 
several species in regard to the urea content which is 
independent of the size and weight characteristics of the 
sharks. He stated also that the urea content in shark flesh 
is a specific feature of these species, independent of the 
degree of freshness, and the flesh required special processing 
methods to make it fit for consumption. It was also found 
that among the immersion treatments of the meat in solutions 
of salt (NaCl) 1%>, lactic acid 1.5% and urease, the most
9effective agent for the removal of urea was lactic acid.
Ideal conditions for treatment would require from 3 to ^ hours 
at lk-l6°C and the rate of urea removal should he directly 
related to the thickness and surface contact of the fillets.
II- Toxicity and spoilage of shark meat
If sharks are intended for human consumption, the 
toxicological aspects of its flesh must he considered.
Halstead (29) indicated that the most common toxic 
forms found in the literature are: ciguatera poisoning, 
ichthyosarcotoxism, and food-horne intoxication caused by 
consumption of shark liver.
In general, intoxications caused hy consumption of 
poisonous shark flesh are usually mild and only in rare 
instances do the symptoms exceed those of a mild gastro­
enteritis accompanied hy diarrhea.
On the other hand, consumption of toxic shark liver 
may result in severe hiotoxication.
Ichthyosarcotoxism is described as a form of intoxi­
cation produced hy the ingestion of fishes containing poison 
either in their flesh, skin or viscera.
Russel (1965) indicated shark poisoning as a form of 
ciguatera. This form of poisoning is very common in the 
Caribbean area and the Pacific tropical seas. It has been 
reported to affect more than 300 species of sharks.
Schantz (197*0 believes that some marine algae, when 
ingested by the fish are responsible for causing ciguatera 
poisoning. One specie of algae, Schizothrix calcicola, has
±u
been reported in toxic fish when present in abundant quantities 
where fishes are caught,
Halstead (vol. Ill) lists the following sharks as 
poisonous:
Family Carcharhinidae
Carcharhinus melanopterus Quoy and Gaimard Black-tip 
Reef Shark (USA) - Distribution: Tropical Indo-Pacific and 
Red Sea.
Carcharhinus menisorrah Muller and Henle Gray Reef Shark 
(USA) Distribution: Indo-Pacific
Galeocerdao cuvieri Peron and Lesueur Tiger Shark (USA) 
Distribution: All subtropical and tropical seas.
Galeorhinus galeus Linnaeus Tope, Oil Shark, School 
Shark. Distribution: Mediterranean, eastern North Atlantic 
and Indian Ocean.
Prionace glauca Linnaeus Blue Shark. Distribution:
All tropical and subtropical oceans.
Scoliodon terrae-novae Richardson Sharp-nosed Shark 
(USA) Distribution: Both sides of subtropical and tropical 
Atlantic; may range as far north as Bay of Fundy.
Family Dalatiidae
Somniosus microeephalus Bloch and Schneider Greenland 
Shark, Sleeper Shark, Nurse Shark, Gurry Shark (USA). 
Distribution: Arctic, North Sea, east to the White Sea, and 
west to the Gulf of St. Lawrence.
Family Hexanchidae
Heptranchias perlo Bonnaterre Sharp-snouted Seven-gilled 
Shark (USA) Distribution: East and West Atlantic, Mediterranean,
11
Cape of Good Hope, Japan.
Hexanchus griseus Bonnaterre Six-grilled Shark, Cow 
Shark (USA). Distribution: Atlantic, US Pacific coast, Chile 
Japan, Australia, South Africa and southern Indian Ocean. 
Family Isuriade
Carcharodon carcharias Linnaeus White Shark, White 
Pointer (USA). Distribution: Monterey Bay, California.
Scyliorhinus caniculus Linnaeus Lesser-spotted Cat Shark 
Dogfish. Distribution: Eastern Atlantic and Mediterranean Sea 
Scyliorhinus stellaris Linnaeus Nursehound (USA) 
Distribution: Eastern Atlantic and Mediterranean Sea.
Family Sphynidae
Sphyrna diplana Springer Hammerhead (USA) Distribution: 
Warm temperate and tropical Atlantic Ocean, possibly 
Mediterranean Sea.
Sphyrna tiburo Linnaeus Distribution: Tropical to warm 
temperate belt of the Atlantic from southern Brazil to North 
Carolina, West Africa, west coast of America, Ecuador to 
south California.
Sphyrna zygaena Linnaeus Hammerhead Shark (USA)
Distribution: Tropical to warm belts of Atlantic and Pacific. 
Family Squatinidae
Squatina dumeril Lesueur Monk-fish, Angel Shark (USA)
Distribution: East coast USA, Bermuda, Gulf of Mexico.
Family Triakidae
Mustelus canis Mitchill Smooth Dogfish (USA) 
Distribution: Western Atlantic, Cape Cod to Uruguai, Bermuda.
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Heavy metals have alway been implicated with some 
undesirable reactions in food, which can bring about changes 
in color and taste and make foods unacceptable. When present 
in high levels, heavy metals may be toxic to either animals 
or man.
In past years, there have been several cases of 
mercury poisoning in food systems. In some cases mercury gets 
into foodstuffs accidentally such as the consumption of grains 
which have been treated with mercury containing fungicides.
On the other hand, the most common and probably the most 
difficult form to control is the indiscriminate disposal of 
mercury wastes by industries into water systems such as lakes, 
rivers and estuaries.
Windom e_t al. (197'^ ) , reported in 6 species of shark 
analysed for mercury content a range from .25 ppm (Charcharinus 
milberti) to 1.35 ppm (Charcharinus falciformis) with the 
average content among them being .76 ppm.
Forrester e_t al. (1972), indicated that there is
little change in the mercury content found in various parts
of the same specimen, but the content tends to increase with 
the size of the fish and reaches 1.7 ppm for males (95 cm 
lenght) and 2.0 ppm in females 120 cm long*
Molyneux (1973)» reported the mercury content found
in 1^ 80 different sharks, He indicated that there is a
correlation between the species, sex, length and the mercury 
content. This author also pointed out that very large sharks 
(10 ft and up) are seldom fit for human consumption due to the
13
high levels of mercury frequently found.
Windom (1973) investigated the levels of arsenic, 
cadmium, copper, mercury and zinc in 5 species of shark.
He found no significant differences in similar species 
captured either inshore or offshore samples. The results 
are expressed helow in Table 3-
Table 3
Arsenic, Cadmium, Copper and Zinc in Shark Muscle
Species NumberSamples As Cd
(*)
Cu Zn
Carcharhinus falciformis 2 1.0 .25 -53 2.5
Carcharhinus obscurus 1 1-5 -53 ■38 J.75
Sphyrna tiburo 1 3-5 .1 • 75 2.0
Sphyrna lewini 1 -55 .1 -5 3-75
Squalus acanthias 2 2.5 .1 -58 3.0
(*) Values listed on a wet weight basis in ppm
Source: Windom et al., (1973)» Journal of the Fisheries Res. 
Board of Canada, 30:2, pp. 275-279-
Stevens and Brown (197^) studied the concentrations 
of Cu, Zn, and Cd in tissues of 12 blue sharks (Prionace 
glauca L.) and found that the highest levels of zinc were 
recorded in the gonad and epigonal organ; copper values were 
more variable and no tissue showed a high concentration of 
this metal. These authors indicate that concentrations of 
copper and zinc in muscle were independent of size. It was
±*+
also reported that 98$ of samples analysed for lead and 
73$ for cadmium were below detectable limits for these metals, 
although individual sharks showed elevated levels in liver 
and gonad plus epigonal tissue.
Jacobs, G. (1977), working with fish from German 
fishing grounds, found that shark and ray exceeded the federal 
legal limit for Hg of 1 ppm and presented respectively 3>23 
and 1.69 ppm.
In Argentine, Tolosa, V. C. (1976) conducted mercury 
analysis by Atomic Absorption Spectrophotometry in 213 
samples of fish and molluscs caught off the Argentinian 
continental shelf during 18 months. He found that the maximum 
tolerance of 0.7 ppm Hg set by some important countries was 
exceeded only by samples of "Cazon" (a species of shark).
In areas where shark consumption is unusually high, 
the mercury level may be of great concern. This subject is 
fairly well discussed in an article published in Australia 
(Anon. 1975)* Particular emphasis was given to the frequency 
with which the amounts of mercury found in shark samples 
exceeded the statutory limits (0.5 ppm); 60$ of the samples 
had Hg concentration higher than the legal limit. The danger 
of mercury poisoning of people (especially children) 
consuming large quantities of shark meat is also discussed.
Since numerous reports in the literature indicate 
that high levels of mercury commonly found in sharks may 
be the main obstacle in the utilization of these species by 
the food industry, one of the approaches in dealing with
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this problem would he the possibility that the FDA would 
raise the present level, but this decision may require long 
laboratory testing assays with animals before it might be 
approved. There is also a great deal of controversy on 
safeness in relation to maximum permitted levels of toxic 
substances in food because several naturally occurring foods 
may eventually present high levels of these substances that 
normally would not be allowed in any processed food, and 
these foods are now cleared for use by the FDA.
Another practice to cope with mercury levels in shark, 
that is presently done on a small basis by the industry, would 
be to monitor or select the species, as well as the sizes 
and weights, which shall meet the present regulations for 
mercury level. On the other hand, this practice is not only 
time consuming and uneconomical for both the fishermen and 
processors, but it is likely to discourage them from going 
into a shark business operation due to the presently existing 
narrow margins of safety levels.
Chelating agents are the most effective substances in 
the removal of trace metals in food products. They usually 
react with metals to form water-soluble, stable complexes 
in which the metal is deactivated. They are also colorless, 
odorless, and tasteless when used at recommended concentrations.
According to Furia (1972), chelation is a complex 
binding reaction, which mechanisms could be illustrated by 
means of a simple formula as follows:
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M + L  ^  ML
Where: M = Metalic ion, L = Sequestring agent, and ML =
Metalic complex. There must he two conditions in order that 
chelating may take place: l) the eletronic and stereochemical 
configuration of the binding agent, in relation to the metal 
to he chelated, must be compatible, and 2) conditions of 
reaction must be favorable.
Organic compounds such as citric acid or inorganic 
substances such as polyphosphate can be used as chelating 
agents. Other common substances utilized for the same purpose 
are: EDTA, Sequestrene NA2 Food Grade (disodium ethylenedia- 
mine tetraacetate dihydrate) and Sequestrene NA2Ca Food 
Grade (disodium calcium ethylenediamine tetraacetate dihydrate).
Some amino acids such as glycine and cysteine also 
play an important role as chelating agents in foodstuffs by 
forming stable chelate complexes with calcium, copper and 
iron.
Although the principle described in the paragraph 
above, as well the general use of chelating in foodstuffs, 
seem to work quite effectively, practically no attempts have 
been made so far to determine the effect of these agents in 
the removal of mercury from shark flesh.
It is well established that fish and marine animals 
are prone to accumulate pollutants from environmental 
contamination through the food chain and the polychlorinated 
biphenyls should not be overlooked. There is a dearth of 
information in the literature about pesticides levels in
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sharks.
Shimma, H. e_t al. (1973) analysed the polychlorinated 
biphenyl (FCB) contents of 30 species of fish caught in and 
around Hateruma Island, Okinawa. They found that PCB values 
ranged from .02 - 0.1 ppm at Okinawa to 2 ppm (highest) in 
Tokyo bay. The highest PCB value found, based on fat content 
was 603 ppm in the flesh of the spotted shark (Mustelus 
manazo )„
Sharks are known to spoil more rapidly than any other 
fish. Wood, (1950) and Moyer e_t al. (1959) indicated that 
this rapid spoilage pattern is speeded up primarily by micro­
organisms which break down urea to form strong ammonia 
odors.
In most cases, sharks are not properly handled on 
board due to their low commercial value. Sometimes only the 
head and guts are removed at sea and the specimens are stored 
whole on ice from 1 week to 10 days. This process may be 
satisfactory for small sharks, but in large specimens (100 
lbs and up) it may take several hours before the central 
portion of the carcass reaches 3~5°C. Therefore, a considerable 
growth of microorganisms may take place and spoil the fish 
very rapidly.
On the other hand, shark blood contains the highest 
level of urea and if the specimens are not bled properly, by 
either cutting off the head or tip of the tail while they 
are still alive, most blood will remain in the carcass and 
contribute significantly in lessening the shelflife during
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ice-storage.
Suyama (195^) investigated the effect of heat, 
associated with a rapid liquid loss, during the spoilage of 
Prionace glauca. This author indicated that with an increase 
in the temperature above 26.7°C the urea content decreased 
significantly in time; also the intensity of the Buret 
reaction.
Wood (1950) detected the following organisms in 
spoiled shark: Micrococcus, Bacillus, Pseudomonas, Sarcina, 
Corynebacterium, Enterobacter, plus the yeast Torula.
According to Tsuchiya (1951) in the first stage of 
the spoilage of shark flesh most of the off-flavor and odor
are from ammonia and TMA produced by the microbial break
down of urea and TMAO . There is also a significant increase 
in the amount of total volatile bases, ammonia, and TMA 
derived mostly from a microbial process rather than solely 
by an autolysis in the presence of urease,
bacteria were isolated, some which can produce ammonia from
urea and others which reduce TMAO to TMA .
Elliot (1952) observed that during formation of TMA 
in shark meat, initially there was a steady increase in 
rate of production accompanied by rise in pH from 7-3 i° 
about 9*0, but the process ceased after some time independently 
of the amount of TMAO still present in the flesh.
The extent of oxidative rancidity, color change, 
lipid hydrolysis and protein denaturation in spiny dogfish 
stored at -5, -10, and -30°C was determined by Boyd et al.
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(1967). They verified that there is some relationship 
between lipid hydrolysis and the degree of denaturation 
during frozen storage. At temperatures of -10 and -20°C, 
some changes in odor and flavor could be detected in dogfish 
stored for 70 days or more. Therefore, no changes were found 
in the same sample stored at -30°C for 180 days. These
workers suggest that spiny dogfish can be stored from 3 to 
5 months at temperatures of -20 to -25°C, if handled and 
processed under good sanitary and commercial practices. Also 
emphasized in this paper was the necessity of carefully 
removing kidney tissue in the peritoneal cavity in order to 
prevent off-flavors, as well as glazing the carcasses to 
slow down oxidation.
A study conducted by Stansby et al. (1968) on the 
chemical spoilage pattern of spiny dogfish indicated that a 
value superior to 30 mg/100 g of volatile-base nitrogen is 
an indication of decompostion, but there is a question 
whether the fish would be edible or not at this point. It 
was also found that trimethylamine values for dogfish held 
on ice for 2 weeks were from .15 to 1.72 mg/100 g fish, 
but these values did not differ significantly from other 
fish.
It appears that microbial spoilage is not the only 
factor to be considered on the limited shelf-life of iced 
dogfish, but a combination of biochemical and physical 
criteria, such as total volatile bases, peroxide values, 
rancidity and sensory evaluation, along with microbiological
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tests.
Ill- Composition and nutritional evaluation of shark meat
The following workers have determined the proximate 
composition, the amino acid profile, and the content of 
some vitamins of many species of shark: Jaffe e± al. (1956), 
Amhe and Sohonie (1957)> Mashelkar and Sohonie (1958), Watt 
(1963)) Stansby (1967), and Gordievskaya (1973)*
Sidwell et al. (197^)» in a review article, list the 
proximate composition for 159 common species of edible fish. 
They list the following values for sharks (mixed species): 
Protein = 22.7 1 -8, Fat = .5 1 -5> Moisture = 76.3 1 *5i
Ash = 1.3 1 -1 ( gm per 100 gm edible portion), and Calories =
101 ± A.3 calories/100 gm.
It is important to point out that since sharks
usually have a high urea content, the percentage of total 
nitrogen present multiplied by the factor 6.25 may express 
a higher protein value than the actual value. In determining 
the protein value of shark meat, we should first find the 
nonprotein fraction and deduct this value from the total 
nitrogen found by the Kjeldahl procedure.
Although sharks seem to abound throughout the oceans 
of the world, not a great deal of attention in the literature 
has been devoted to evaluating the nutrient content of shark 
meat as sources of protein, vitamins and minerals.
Ambe and Sohonie (1957) evaluated the protein 
quality of shark (Scoliodon sorakowah) by paper chromatography 
and verified that the amino acid content is comparable to
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that of casein. Shark protein was richer in lysine, alanine, 
cystine, and arginine, while casein was higher in proline 
and tyrosine.
The same authors also reported a hiological value 
for shark protein of 89 and casein 77 by comparing the 
percentage deficits in shark and casein protein with whole 
egg protein.
Mashelkar and Sohonie (1958) determined the nutritive 
value of shark protein by several methods as listed: l) the 
biological value and digestibility by Mitchell; 2) liver 
nitrogen regeneration by the method of Harrison and Long;
3) regenera.tion of hemoglobin and red blood cells by using 
rats made anaemic by phenylhydrazine; and 4) regeneration 
of liver xanthine oxidase activity. The percentage biologi­
cal value, digestibility and net utilization for shark and 
casein proteins were respectively as follows: BV 54-13 - 
1.39, 82.00 - 1.24, D 72.52 - 1.63, 86.00 - 1.88, NU 41.27 - 
.81, 70.40 - .64 (42). These data indicate that the shark 
proteins (Scoliodon sorrakowah) have a lower biological 
value than casein; however shark proteins were slightly 
superior to casein in their ability to cause regeneration of 
xanthine oxidase activity and almost as efficient as casein 
in their ability to cause the regeneration of liver nitrogen.
In regard to the regeneration of hemoglobin and red 
blood cells in rats made anaemic by phenylhydrazine injection 
shark proteins seemed to be inferior to casein.
The liberation of essential amino acids and amino-
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acid nitrogen from shark protein and casein by means of 
pepsin and trypsin in succession was also investigated by 
Mashelkar and Sohonie (1958). Arginine, tyrosine and methio­
nine were released from each of these proteins at a faster 
rate than were the other essential amino acids. Casein 
seemed to be more digestible than the shark proteins.
In Table A are presented data compiled by Morris 
(1975) from various sources on the amino acid content of 
shark as compared to other species of fish. In this table, 
column 1 lists the range of amino acid content found in 
certain species of fish; column 2 lists amino acid values of 
fresh cod (16.5f° protein); column 3 presents data from the 
FAO publication on amino-acid content of foods and biological 
data on protein (1970); and column 4 presents values for 
cystine, lysine, methionine, and tryptophan from Jaffe e_t al. 
(1958) for Mustelus canis.
There is usually a great variation in lipid composi­
tion of fishes due to the sex, size, species, season of the 
year and area of capture. This topic has been reviewed by 
Malins et al. (1965); Watt (1963) and Stansby (1967).
According to studies conducted by Stansby (1967) the 
fatty acid composition of spiny dogfish, is characteristically 
saturated and monoene. Oleic acid makes up about 47^ of the 
total and polyunsaturates make up less than 1% of the total 
in these fatty acids. The main lipids of dogfish are diacyl 
glyceryl ethers and tryglycerides. In the flesh, fatty acids 
contained high levels of the C^q and C ^  polyenoic acids,
Table 4
Amino Acid Values of Shark, Dogfish and Cod Fish
Amino acid
Amino acid range 
(% of protein)
Cod*
Muscle
Shark
FA0*
Smooth*
dogfish
Alanine 5-2 •- 8.5 --- 4.47 ---
Arginine 4.3 •- 7-6 5.63 4. 30 ---
Aspartic acid 6.2 - 11.2 8.82 4.85 ---
Cystine 1.2 - 1-5 1.35 ■ 57 •73
Glutamic acid 14.3 - 16.6 12.73 8.03 ---
Glycine 3-5 - 5-6 5-52 2.97 ---
Histidine 1.6 - 5-7 --- 1.38 ---
Isoleucine 4.4 - 7-7 5.0 7 4. 34 ---
Leucine 6-7 - 11.4 7-55 5.34 ---
Lysine 7-8 - 14.4 03 -O 6 . 03 8.06
Methionine 2.2 - 3-7
1—
1
O
n
CM 1 . 78 2.26
Phenylalanine 2-9 -- 5-0 3-71 2.58 ----
Proline 3-1 - 4.3 6 .10 2 . 32 ----
Serine 4.6 - 6.0 3.10 2.85 ----
Threonine 3-7 -- 6.2 4.33 2-57 ----
Tryptophan 0.1 -- 1.4 0-99 0.70 ----
Tyrosine 2.2 -- 4.6 2 . 70 2.31 ----
Valine 4.0 -- 7-4 5-33 3.44 ----
(*) values in g/g total N
Source; Morris, (1975)-
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which are common in most fish lipids. It is also indicated 
hy Stansby that among the several hydrocarbons occurring in 
sharks the most common is squalene.
The fatty acid profile of spiny dogfish was also 
investigated by Rao e_t al. (1972). Their data are transcribed 
from Morris.
Table 5
Fatty Acid Composition of Spiny Dogfish
Composition grams per 100 g. edible portion 
Saturated fatty acids Unsaturated fatty acids
Fat Total Palmitic-Stearic Total Oleic Linoleic IV (*') 
5-4 1.1 0.8 0.2 4.1 1.3 0.1 135
(*) Iodine value 
Shark flesh appears to be a moderate source of some 
vitamins. Stansby (1967) reported the following values for 
vitamin B in Squalus acanthias: thiamin 0.5 mcg./gm, ribo­
flavin 1.5 mcg./gm, and pantothenic acid 7-5 mcg./gm. The 
vitamin E content of another species of shark (Carcharias 
ellioti Day) was given by Nazir (1964) as 0.13 mg/100 g and 
2.94 mg/100 g for ubiquinone and alphatocopherol respective­
ly.
IV- Food product development from shark
Perhaps sharks are now the fish species which offer 
the most potential for the development of new food products
for human consumption. This possibility remained latent 
probably due to an existing lack of interest from most 
of the developed and developing countries in including sharks 
in their diets. As it was mentioned before, most people still 
erroneously believe that sharks are man-eaters and inedible.
It is recognized that high levels of mercury above 
the legal limits may limit the utilization of some species 
of shark for human consumption, but we should not overlook 
the fact that other commercial fishes such as tuna and 
swordfish may also be affected by this problem.
Although some treatments for the elimination of 
urea in shark flesh have been devised by Bose (1952), and 
Gordievskaya (1973)> their methods have been applied to 
single species and there is no indication that they would 
be as effective as if employed to composite samples of 
shark from various specimens and different species. Little 
information is also available in regard to variation in 
treatment concentration as affecting the rate of urea 
removal from shark meat.
Several new products made from underutilized 
species of shark were developed and tested by Morris (1975) 
as follows: shark protein concentrate, smoked-salted shark, 
shark dogs, shrimpels, sharkalona, shark croquettes and 
shark sticks. This author verified that all products, with 
the exception of the fish sticks, were acceptable.
Another approach to increase the consumption of 
shark meat is the development of shark protein concentrate
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similar to fish protein concentrate (FPC).
Nath et al. (1961) described the manufacture of a 
fish flour and protein-rich biscuit made from hammerhead 
shark (Zygonae blochii). In this method, portions fo the 
shark were first boiled in water and then the skin and 
bones were removed. Following this operation the flesh was 
minced into very small pieces and extracted with alcohol 
in a Soxhlet apparatus for 24 hours. The residue was dried 
for 48 hours at 70°C and then ground into a fine powder 
which had no taste or odor and contained about 90$ protein 
as determined by the Kjeldhal method. The yield of FPC was 
12 § $ of the fresh muscle. It was also found that a high 
protein biscuit could be made by mixing wheat flour (20g), 
fish flour (15g), hydrogenated oil (lOg), and sugar (I2g) 
and baking at 120°C. The final protein content in the product 
was calculated as 28$.
Another method for the production of shark meat 
flour was described by Haq and Mahdihassan (i960). Flesh 
from unknown species of shark was ground, washed three 
times and treated with 1$ soya-bean powder and heated to 
40°C to increase the urease activity of the soya-bean 
powder. After the meat was tested for complete removal of 
urea, it was separated from the water by a basket type 
centrifuge. The recovered material was then dried at 50-55°C 
in a hot-air blowing oven. The dried material was powdered 
in a grinder so that the particles would pass through a 
30-mesh sieve. It was then transferred to a deodorizing
machine with solvent oil the ratio 1:6 w/v on the dry weight 
basis. The solvent oil was then separated by filtration and 
replaced by an equal volume of fresh solvent oil and the 
mixture adjusted to pH 8 with 6$ ethanolic sodium hydroxide 
solution. The mixture was refluxed for three hours under 
frequent agitation. The excess alkali was then neutralized 
with hydrochloric acid. The solvent oil was separated from 
the residue by filtration and residue was mixed and shaken 
with petroleum ether in the proportion of 1:3 on the basis 
of the dry weight w/v. The flesh was separated from the 
excess ether by decantation and was vacuum-dried at 50°C.
The protein content in the final powder as expressed 
by Kjeldahl nitrogen was found to be 85$. The digestibility 
and protein utilization as calculated by the formulas 
below were respectively 99 and 6l, where:
fo digestibility = Food N - (fecal N - Ivietab. N ) x 100
Food N
Protein utilization value =
Food N-(fecal N-metabolic N)-(urinary N-endogenous N ) x 100 
Food N - (fecal N - metabolic N)
DuSolier et al. (1969) developed a method to produce 
FPC from shark flesh. After the sharks were properly bled 
and washed, the meat was cut into l/k in cubes and extracted 
with isopropyl alcohol at 20-30°C for 50 minutes and then 
filtered. A second extraction with isopropyl alcohol for 
90 minutes at 75°C was followed in the process by a third 
extraction at 75°C for 75 minutes.
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Another type of FPC was prepared by Revankar ejt al. 
(1965) by mincing the meat, cooking and pressing it. The 
pressed material was immersed in 1.0% acetic acid overnight 
and then filtered. The remaining material was extracted with 
95% ethyl alcohol in order to remove oil and water.
The production of urea free FPC was investigated 
by Ali (1972). A combination of multistage crosscurrent and 
countercurrent solvent extraction in combination with an 
aqueous phosphate process was studied. Hexane and ethanol 
{98%) were employed as solvents to remove the urea. Urea 
was removed with ethyl alcohol (98%) and hexane, while the 
lipid and moisture fractions were removed by the cross­
current and countercurrent methods. Hexametaphosphate at 
pH h.O along with aqueous phosphate was used to precipitate 
protein from an aqueous medium and the urea was removed 
with the water phase. The moisture and lipid contents were 
further reduced by solvent extraction to levels below the 
FDA limits of 10% and 0.5% respectively. The shark meat 
contained 1-3^% lipids and 1.1% urea, v;hile the FPC contained 
0.16% and 0.16% respectively. Fish protein concentrate made 
by this process had a white or light cream color. There was 
no fish or slight amine odor present in the product and 
lipid levels were below federal maximum limits.
Various fish protein concentrates made from shark 
flesh are reported in the literature. Depending on the 
lipid content of the shark to be utilized, several methods 
and solvents will have to be considered for the manufacture
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of food grade FPC. The process itself and solvents used may
greatly affect the protein.
Soares (1971) described some factors which may 
affect the biological availability of amino acids in FPC.
This author concluded:"Whole menhaden FPC processed by IPA 
extraction or menhaden fish meal defatter with hexane 
had significantly higher amino acid availability (as meas­
ured by true amino acid digestibility) in germ free chicks 
than conventional menhaden fish meal".
Among several other uses for shark meat besides the 
ones so far mentioned, we may also point out the following: 
fresh fillets either fresh or frozen, frozen breaded fillets 
or fingers, frozen blocks, and serving as raw material for
the manufacture of numerous processed foods such as sausages,
hams, and canned pet foods.
Gordievskaya (1971) indicated that frozen shark 
flesh can be used for making balyki (cured fillets), other- 
cured products, sausages and various types of preserves: in 
natural juice, blanched in oil with other ingredients such 
as beans, peas, and blanched in tomato sause. Several 
methods can be used for cooking the meat, but it is neces­
sary to blanch either in boiling water or by steam; other­
wise the meat can take on a disagreeable flavor which could 
not be masked. The use of spices such as peppercorn, 
tarragon,bay-leaf, or cloves combined with olive oil may 
improve significantly the acceptability of the final cooked 
product. The smoking operation used in preparing products
such as Balyki or shark fillets, imparts a brown appearance 
to the product and gives an agreeable taste and smell
This author also described the process for making 
shark sausage. The meat was usually soaked in water for k 
hours and then ground twice. He indicated that sausages 
made from shark meat alone have a dark color, loose sawdust­
like consistency, and an accentuated taste and odor of 
urea. In order to counteract this problem, flesh of other 
fish such as herring, tuna, ocean perch and hake were added 
to improve the organoleptic characteristics. Several ingre­
dients such as spices were then mixed with the fish flesh 
and the mixture was stuffed into casings of cellophane or 
cow's intestine. The sausages formed were allowed to ripen 
for 2 hours at 5°C to promote the distribution of salt and 
then were processed in an autoclave by continuous steam 
for 60 minutes. They were then transferred to a dryer and 
baked further for one hour at 80°C. Sausages made by this 
method of combining shark and herring were found to have 
an unattractive gray color and a soft gummy texture. The 
best kind of sausage was that prepared from a mix with 
hake; it was light colored inside, tasty firm and juicy.
This author also stated:"Any sausage that contains shark 
meat quickly goes dark on the outside or in the inner 
section, and the sausages shrink in size."
The above author described the use of various 
sharks' fins for soup. Boiled and scraped fins were used 
to make the soup. The fins were immersed in hot water in
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the ratio of 1:2 and boiled lightly for 1.5 - 2.4- hours. 
Before the end of the cooking, salt was added accordingly 
together with spices such as bay-leaf and black peppercorns. 
Monosodium glutamate was added when the soup was finished. 
Sharkfin soup is rather like a semicongealed jelly with 
floating transparent fibers; the taste and aroma are quite 
pleasant. Soup can be made from preserved fins and the 
flavor is not inferior to soup made from freshly cooked 
fins.
Although several attempts to can sharks in past 
years have failed (Howard, (1949)> Templeman, (1944-) and 
Field, (1910) ), this process may now become successful 
if adequate treatments for the elimination of urea are 
applied to the flesh prior to canning.
Beardsley (1963) reports that tests conducted at 
Lauks Testing Laboratories in Seattle indicated that 
canned dogfish neither had an ammonia odor when freshly 
canned nor developed it after two years of shelflife.
In Japan at the present time most of the raw 
material for the manufacture of "Kamaboko" has about 30% 
or more of shark flesh. Sharks such as the dogfish and 
hammerhead are used either at home or restaurants for 
the preparation of dishes cooked with soy sauce, miso or 
by deep frying.
Most of the bad odor of the ammonia in shark flesh 
in Japan is removed by generous washings and then grinding
the flesh with selected spices.
In the manufacture of "Kamaboko", the shark meat 
is first minced and washed with fresh water for several 
times in order to remove blood, fat and other water solu­
bles substances such as volatile bases, urea and trimethyl- 
amine oxide. The meat is ground in a stone mortar in the 
case of kamaboko or chopped in a silent cutter in the case 
of fish sausage. During this operation, salt seasoning, 
starch and other ingredients are added. The purpose of 
salt is to change the flesh into a very sticky paste which 
can then be shaped by a forming machine. This shaped flesh 
is finally cooked by various methods such as dipping in 
hot water, frying, baking or steaming.
Okada (1966) indicated that small sharks such as 
dogfish are used for steamed kamaboko and baked chikuwa. 
Other large sharks such as hammerhead, blue, threasher tip 
and bonito are used to make deep fried kamaboko and fish 
sausage. Blue shark is commonly used in the production of 
hampen, a white soft and porous kamaboko, because its 
protein has a strong ability to hold air bubbles in the 
product. This author also recommended washing shark in 
order to eliminate water-soluble substances containing 
volatile bases, urea and trimethylamine oxide.
Salting and dehydration of fish in general is a 
fairly extensive topic itself to be reviewed here (Batty, 
(1957)» Beraquet, (197*0; Cutting, (1956); Del Valle,
(1973); Klaveren, (1965), and Voskresensky, (1965)-
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On the other hand, salting and dehydration of shark flesh 
is still a topic that remains not well studied and defined 
in the literature (Gordievskaya, (1973); Del Valle, (1973); 
and Bello, (1971) ) and there is little information on the 
storage stability of this particular product.
Probably one of the reasons why sharks' flesh has 
not been extensively used in fish salting operations is be­
cause of the high levels of urea present in it and the 
inability and lack of knowledge of fish processors in deal­
ing with this problem prior to processing.
Bello (1971) reported that most of the salted shark 
in Venezuela often develops strong ammonia odors during 
storage due to the breakdown of urea by microorganisms.
If most of the urea could be removed before salting, the 
extent of this problem would perhaps be considerably 
less.
Strong and putrid odors associated with ammonia, 
when present in processed fish products, would surely be 
obnoxious and a cause of rejection among western people. 
Nevertheless this phenomenon seems not to affect at all 
some people of Asian origin, who are used to it as a 
tradition. It is worth transcribing here the interesting 
quotation by Haq and Mahdihassan, I960: "As compared with
other fishes, shark flesh contains urea and on account of 
it receives a differential treatment. Whereas all other 
fishes are salted and dried, shark meat is first cut into 
slices and then thrown into pits with layers of salt in
3^
between and allowed to putrify. When most urea has been 
decomposed by bacteria, it is taken out and dried in the 
sun. Such urea-free salted shark meat however has a very 
unpleasant odor and is exported usually to Ceylon where 
apparently its putrid odor in no disqualification."
PURPOSE
The major objectives of this investigation were:
1) The development of an acceptable dehydrated 
fish product, similar to "Bacalhau", made from under­
utilized species of shark commonly found in the south­
eastern coast of Brazil.
2) To test the efficiency of selected reagents 
on the urea removal from shark flesh and devise an ade­
quate treatment for a shark processing operation.
3) Determine the effect of selected anti-oxidants 
and chelating agents in combination with air and vacuum 
packaging on the prevention of discoloration of dehydrated 
salted shark during storage.
4-) Ascertain the consumer acceptance for this 
particular product by means of organoleptic taste panels.
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MATERIALS AND METHODS
Preliminary note:
The initial phase of this investigation "began 
in late 1975 at the Instituto de Tecnologia de Alimentos 
(ITAL) Fisheries Technology Department in Santos, Brazil.
This was part of a comprehensive research project 
designed to develop food products from shark and promote 
the consumption of these species specially among the 
low--income families which inhabit primarily the north 
and northeastern portion of Brazil.
The preliminary steps of this study involved the 
development of an acceptable and stable dehydrated salted 
fish product made from low-cost underutilized species of 
shark commonly found along the Brazilian coast. The 
development of such a product, would not only serve as 
a cheap protein source, but would be a possible substitute 
for the expensive imported cod fish, which serves as a 
very common dish in the country, also known as "Bacalhau".
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Experimental Procedures
A composite sample of shark meat from 5 different 
specimens, captured in the Gulf of Mexico, totalling 75 lbs, 
were obtained from a fish processor in New Orleans. The 
shark fillets were frozen and transported to Baton Rouge 
inside thermic boxes and then stored at -20°C until used.
First, the standard treatment for the elimination 
of urea was established as well the method of analysis for 
evaluation of it.
The method described by Bergmeyer (1965) was used 
with the following changes:
l) The ratio of shark and perchloric acid during 
the extraction was 15/^ (w/v); 2) urease concentration 
was 25mg/5 ml; 3) Nessler reagent had the following 
composition: Eg KI + 4g HgCl^ + l-5g acassia gum/l liter 
of water; and E) ammonium sulfate standard solution 
concentration of O .305 X 10~^ M.
The urea content in the flesh was determined by 
means of the following scheme:
Tube 1 Tube 2 Tube 3 Tube E
Distilled water 0 ml 0 ml 0 ml 0 ml
Sample 2 ml 0 ml 0 ml 0 ml
Blank 0 ml 2 ml 0 ml 0 ml
( N H ^ S O ^ sol. 2 ml 2 ml 2 ml 2 ml
2N NaOH 3 ml 3 ml 3 ml 3 ml
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After the contents in the tubes were thoroughly 
mixed by inversion, the optical density was determined in 
a Beckman 25 spectrophotometer at 435 nm. The equipment was
then set at zero with tube No. 4, and the following reading
were made:
A - Tube No. 3 against tube No. 4 ........ ^std
B - Tube No.l against tube No. 2 ........ E s a. in ■
According to the initial amount of fish sample
utilized and the concentration of ammonia in the ammonium
sulfate standard solution, the urea content in the sample
can be determined by the formula:
E% Urea in shark = — sang;— X— 3, • 15..P..2----
E , , s td.
Shark fillets approximately 8 to 10 cm long and
1-5 cm thick were immersed in solutions of citric, acetic, 
and lactic acid at different concentrations (0.1, 1.0, 2.0, 
3-0, and 5.0%) for 3 hours at 5°C in order to determine the 
effect of urea removal from the flesh. Blank proof samples 
were also immersed in distilled water at the same tempera­
ture and for the same time.
During these tests only one trial experiment was 
carried out with urease solution (0.5 uml/liter) for the 
elimination of urea under the same conditions above, but 
due to the high cost of this reagent for possible use in 
processing operations, it was excluded from this study. 
Processing of dehydrated salted shark meat (diagram l)
Frozen shark fillets weighing from 1 to 3 lbs each
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Raw-material
Shark
Skinned & Filleted
Washing ( )
Treatment of fillets in 1% acetic 
acid solution for 3 hr at 5 C 
(immersion)
Rinse in tap water
|Salt decantation Excess salt
•%— hrine
Rinse in water 
Apply treatment solutions
<$-— solution ■— — | Pressing
Drying at 50°S
Packaging
|Vacuum PackageAir Package
Storage Storage
Diagram 1. Process Flow Diagram for the Production of 
Dehydrated Salted Shark Fillets
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were allowed to thaw overnight at 10°C. The thawed fillets 
were rapidly rinsed in tap water and immersed in a 1% acetic 
acid solution at 5°C and kept in it for 3 hours. After this 
period, the fillets were removed from the solution, rinsed 
again in tap water, and dry-salted in plastic boxes at 
the ratio of 1 lb of salt (commercial sodium chloride) per 
2 lb of meat. The boxes were properly wrapped with plastic 
film and allowed to remain at room temperature for about 
24 hours and then transferred to a cold room and kept at 
10°C for one week. After this period of storage, the 
fillets presented a hard consistency due to the penetration 
of salt and a considerable amount of liquid was eliminated 
from the flesh in the form of brine. The fillets were then 
removed from the brine, devided into 4 equal batches and 
subjected to the following treatments, prior to pressing 
and dehydration, for the prevention of discoloration:
1) a combination of citric acid 0.5?° plus EDTA 0.35)
2) trypolyphosphate 0.5%
3) ascorbic acid 0.5%
4) distilled water
First, the solutions above were made with deionized 
distilled water and then additional sodium chloride was 
added to bring the final concentration up to about 20%.
This was done in order to prevent too much salt loss from 
the salted fillets during the treatments. Each batch of 
fillets was treated with one of the above solutions by 
immersing the fillets in the respective solution for 30
bl
minutes by immersing the fillets in the solution under 
mechanical agitation. In treatment ho. b the fillets were 
treated the same manner with distilled water containing 
20% of sodium chloride and left as a control.
After being treated, the fillets were drained and 
and pressed to eliminate excess liquid and placed on 
perforated trays for drying. Three different drying methods 
were tested initially to determine the best one to be used 
throughout the experiment: l) vacuum drying; 2) forced-air 
tray drying; and 3) freeze drying.
Forced air drying at 50°C was found to be convenient, 
and gave a final product having a very acceptable appearance. 
Freeze drying did not work well with this particular product 
because the high salt content lowered considerably the 
freezing point of the water and the drying process was too 
long. Vacuum drying at ^0° C was a very long procedure (over 
2b hours); increasing the temperature to 50°C gave a final 
product having a light brown color.
All the treated and untreated samples of salted 
shark fillets were then dried in a forced-air dryer at 
50°C for about 8 - 1 0  hours until the desired moisture 
level (35~b0%) in the final product was attained. The 
salted dried fillets were for each treatment were devided 
into 2 portions. One was air packed in polyethylene bags 
and the other vacuum packed in the same type of material.
All the samples were then stored at room temperature for 
120 days.
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Chemical tests
The following determinations were made in the final 
salted dried fillets according to the methods described by 
the A.O.A.C. : moisture, fat, protein, ash, and sodium 
chloride (1) .
The amount of total volatile bases (TVB), as and 
indication of protein degradation during storage, was deter­
mined according to the method described by Lees (1975)> as 
follows: In a distillation flask of a Kjeldahl unit were 
added:
10 g minced sample
2 g magnesium oxide
3 drops silicone antifoam liquid
350 ml dist. H^O and anti-bumping granules.
In the collection flask, 25 ml 2% boric acid solu­
tion was added with a few drops of screened indicator 
(0.02% methyl red and 0.01% bromocresol green ethanol).
The apparatus was connected so that the exit tube of the 
condenser dipped under the boric acid solution in the lower 
flask. Then the liquid was heated so that boiling would 
take place within 10 minutes and the distillation was 
continued at a constant rate of heating for 25 minutes. The 
condenser tip was washed with distilled water to release 
any remaining liquor in the lower flask and the distilled 
liquor was titrated with 0.05 M sulphuric acid (titre a). 
Then 25 ml of the 2% boric acid solution was pipetted into 
an erlenmeyer flask with a few drops of screened indicator
-+ d
and titrated against the 0.05 K NaOH (titre b) . The total 
volatile bases content was calculated by the formula:
TVS = (a - Id ) lk mg N/lOO g.
The 2-thiobarbituric acid method (TBA) was used 
for the measurement of oxidative rancidity, as described 
by Sinnhuber and Yu (1958), and served as the basis to 
indicate any rancidity production affecting the product 
during storage. The following reagents were used: Trichloro­
acetic acid solution (20% w/v), 2-thiobarbituric acid (TBA) 
reagent made by adding 75 ml of 0.1 N NaOH to 1 g TBA in a 
100-ml volumetric flask, and diluting to 100 ml with 
distilled water. Approximately 0.5 g of shark flesh was 
into a 250-ml round bottom flask and 5 ml each of TBA 
reagent, distilled water, 0.6 N HC1, and 10 ml trichloro­
acetic acid solution were added. The flask was connected 
to a condenser in a boiling water bath and refluxed for 
30 minutes. Then a mixture of 35 ml of 0.6 N HC1 and U0 ml 
distilled water was added through the top of the condenser, 
the flask was shaken several times, and refluxing was 
conducted for 10 more minutes. The flask was cooled to room 
temperature in a water bath and about 30 ml of the solution 
was centrifuged for 10 minutes at 3000 - 4000 rpm. The 
clear solution was drawn in a 1-cm cuvet and the optical 
density of the solution was determined in a Beckman DU 
spectrophotometer at 535 nm. A reagent blank was determined 
by the same procedure above except that no sample was 
included. The TBA number, which indicates milligrams of
I. I.
malonaldehyde (HA) per 1C00 c of sar.ple was obtained by 
multiplying the E^ at 535 r.u by the constant k& (65)-
Determination of pH values in the product were 
made at 30-day intervals curing the storage period. About 
10 g of the salted shark fillets were blended with 100 ml 
of distilled water in a Waring Blendor for 3 minutes. The 
contents were then transferred to a 100-ml beaker and the 
pH value was measured in a Corning pH meter with expanded 
scale.
Physical tests
The dehydration patterns of the salted fillets 
were determined by means of a dehydration curve. It was 
plotted in a graphic the percentage water in the salted 
fillets against the time of dehydration conducted in a 
forced-air tray drier maintained at A0°C and constant air 
speed (300 cu ft/min) at a relative humidity of 60>H Either 
pieces of salted shark containing skin or skinned were 
utilized in this test and the thickness of each fillet was 
carefully measured in millimiters.
The water activity is a function of the moisture 
content of the product. The water activity (&v,) was 
determined by the solvent extraction technique in a Karl 
Fischer titrator.
The rate of rehydration in the salted dried fillets 
was determined by plotting in a graph the gain in weight 
by the fillets in distilled water at 25°C versus the 
time.
A5
Name
External
Internal
Table 6
Questionnaire Used by Panelist to Evaluate 
Dried Salted Shark Fillets
Date
Rate products A, B, C and D according 
to the following scale;
1- Dislike very much
2- Dislike
3- Acceptable 
A- Like
5- Like very much
Product A Product B Product C
appearance _____  _____  _____
apperance _____  _____  _____
Color _____  _____  _____
Odor ___
Product D
Additional comments:
U-G
Color changes in the product during storage were 
determined by means of visual inspection at 0 and 90-day 
storage and photographs taken in black and white film 
(100 ASA) with a Pentax SP 1000 camera equiped with a 
Takumar 50:2 lens. The samples were photographed under 
artificial light conditions with a black background and 
through lens system (TLS) exposure meter.
The total number of halophilic bacteria was deter­
mined in the dehydrated salted fillets at 0, 30 and 90-day 
intervals. Nutrient agar containing 8fo of NaCl was used 
as medium for growth of these particular microorganisms.
The sample was prepared by aseptically weighing 25 g of 
fillet (dried-salted) and blending for 2 minutes in a 
Waring Blendor after the addition of 225 nil of sterile 
phosphate buffer. Dilutions were made at 1:10 and 1:100.
The samples were plated by the pour plate technique, 
incubated ^8 hours at 38°C, and the colonies were counted 
in a Quebeck colony counter.
Discoloration, associated with changes in appearance 
and odor, of the dried salted fillets during storage was 
monitored by means of an organoleptic panel. The panel 
consisted of 9 judges using a hedonic scale numbered from 
1 to 5. Table 6 shows the questionnaire used by panelists 
to judge the dehydrated salted shark fillets. Samples of 
the various products were judged when freshly prepared 
(0 days) and after 30 and 90 days of storage at room 
temperature.
^7
With the cooperation of the LSU computer center, 
Department of Experimental Statistics, the laboratory 
results obtained from the studies on the removal of urea 
from shark meat and the sensory panel's scores for internal 
appearance, external appearance, color and odor of shark 
meat were evaluated by statistical analysis of variance.
Mean differences among the variables were compared using 
Duncan's multiple range test. Using correlation coefficients, 
the degree of association between the scores from the 
sensory panel and the chemical values for total volatile 
bases,pH, and thiobarbituric acid of shark meat was 
examined.
RESULTS AND DISCUSSION
I. Preliminary Studies
In order to develop a dehydrated salted fish prod­
uct made from underutilized species of sharks, it was 
necessary first to evaluate some species as feasible raw 
material for the manufacture of this particular product.
The initial studies conducted in Brazil with four 
selected species demonstrated that all of them can be 
successfully utilized for making fairly well acceptable 
products, although significant differences may exist among 
them in regard to the organoleptic attributes for either 
the raw flesh or the finished product. The reader may refer 
to Appendixes No. A, B, C, and D for illustrations and 
detailed information.
The total volatile bases values TVB found in the 
dehydrated salted fillets were unusually high (30 to 70 mg 
of N/lOOO g of sample), but they did not seem to interfere 
with the results of a consumer sampling distribution test 
with a product evaluation questionnaire. Over 90% of all 
the samples distributed were fairly well rated by the 
consumers tested.
Dehydration studies indicated that the rate of 
drying for salted shark fillets, conducted in a forced- 
air drier at 40°C, was faster for pieces containing the 
adhering membrane skin (Figure 1). The equilibrium of the 
moisture content of the product as a function of the water 
activity (A ) is shown in Figure 2.
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Although some storage stability tests were performed, on the 
finished product, further observations revealed that after 
one month storage at room temperature, some samples showed 
a tendency to develop a discoloration which varied from a 
yellowing to browning. Since at that ocasion no additives 
were added to the products or the use vacuum packing tried, 
it w^ as decided that more studies were necessary on the 
prevention of discoloration affecting these products during 
storage. At that ocasion in a personal letter comunication, 
Kai, (197?) indicated to me that some of the browning cases 
were traced to the presence of halophilic bacteria present 
in the unrefined salt utilized during the salting procedure 
but this problem could be satisfactorily controled by the 
heat sterilization of the salt before adding it to the 
shark fillets. He also pointed out that the discoloration 
problem still remained to affect some of the samples, 
regardless of the absence of halophilic bacteria in the 
product (38)•
Based on the information supplied above it was 
suggested that the discoloration problem described could 
either be associated with the presence of trace metals or 
be related to lipid oxidation or browning reactions proba­
bly induced by air oxygen present during the storage. It 
was then necessary to try to overcome this problem with 
selected additives and the use of controled packaging condi 
tions. In addition, further studies were included in this 
investigation on the elimination of urea from shark flesh.
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II. Urea Results and Discussion
The effects upon the removal of urea from five 
different batches of shark flesh by soaking in solutions 
of lactic, citric or acetic acids at five levels of concen­
tration, namely, 0.1 , 1 .0, 2.0, 3*°, and as compared
with the initial urea content of five untreated samples, 
and also five control samples that had been soaked only 
in distilled water, were chosen for study in these experi­
ments. In addition to the five untreated samples and the 
five samples that had been treated only with distilled 
water, the five batches of shark flesh yielded 75 different 
kinds of acid-treated samples. The amounts of urea, grams 
urea/100 grams of flesh, that were found in the 85 samples 
of shark flesh are shown in Table 7,
The initial values for urea in untreated shark 
flesh ranged from 1.62 to 2.13 g urea/100 g flesh for 
sharks No.3 and No.l, respectively. The overall mean 
value for the group of five untreated sharks was 1.8 ± 0.20.
The values in Table 7 for the amounts of urea 
remaining in the 80 samples of shark flesh after treatment 
(5 treated with distilled water and 75 treated with acidic 
solutions) were converted to percentage values for urea 
removed by the treatments according to the relationship,
100 x (I - R)/l = Percent of urea removed 
where I = initial amount of urea in the untreated shark 
flesh, and R = amount of urea remaining in the flesh after 
treatment.
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Table 7
Amount of Urea Remaining in Shark Flesh After 
Lactic, Citric and Acetic Acid Treatments at 
Various Concentrations *
S ample >c Acid concentration ($)
No. Untreated 0 0.1 1.0 2.0 3.0 5-.0
Lactic acid
1 2.13 1 .69 1.50 1.15 1.10 1.10 1 .,03
2 1.72 1 ■ 70 1.4-9 1.30 1.28 1.26 1 .27
3 1 . 62 1 .41 1.41 1. 28 1. 27 1.27 1 .25
4 1.80 1 ■ 31 1.30 1.03 0.90 0.90 0,.90
5 1.91 1 .68 1.67 1.32 1.14 1 .11 1 ,.11
Citric acid
1 2.13 1,■ 69 1.91 1.7 8 1.63 1.61 1 .60
2 1.72 1,■ 70 1.67
0
 
■—1 1.38 1.37 1 .,36
3 1.62 1,.41 1.58 1.42 1.30 1.30 1 ,■ 31
4 1.80 1,■30 1.60 1.48 1.47 1.47 1 ., 46
5 1.91 1,■ 67 1.67 1.52 1.30 1.29 1 ,■ 29
Acetic acid
1 2.13 1,.69 1.54 1.04 1.04 1.03 1 , 00
2 1.72 1.■ 70 1.68 1.01 0.90 0.90 0.,90
3 1.62 1,.41 1.42 1.05 0.78 0.76 0,.76
4 1.80 1,■ 31 1.15 1.15 0.89 0.77 0 .77
5 1-91 1..68 1.77 1. 00 0.90 0.87 0 ,■85
(*) grams of urea/100 g of sample 
(**) distilled water
DH-
The resulting percentage values for urea removed by the 
treatments for: A, specimens of shark; B, kinds of acids;
C. concentrations of acids; three bivariate interactions,
A x B, A x C, and B x C; and the trivariate interaction,
A x B x C, together with the overall mean are given in 
Table 8. Statistical relationships for the differences 
among sharks, acids and concentrations of acids were 
evaluated by analysis of variance of the percent data.
No replication was used and error variance was estimated 
from two bivariate interactions, A x B and A x C, and 
the trivariate interaction.
Results of the analysis of variance based on all 
80 percentage values shown in Table 8, and evaluating 
only two sources of variation, A, differences among 
sharks, and B x C, interactions among acids and 
concentrations of acids, were as follows:
Source of Variation d ■f ■ M.S. F Value
Total 79
A. Shark 4 608.22 15-35**
B x C. Acid x Cone. 16 1003-58 25-28**
Error 59 39-70
Both F values were highly significant (p<0.01). The
critical value of F at d.f. ^/59 is 3-65. and d.f. 16/59
2 .32.
Duncan's multiple range test was used to compare 
means for the percent of urea removed by the acidic solu­
tion as well as the percentages removed by distilled water.
J J
Table 8
Percentage of Urea Removed from Shark Flesh by Water, and 
by Lactic, Citric and Acetic Acid Treatments at Various
Concentrations
Trivariate Interaction, A x B x C
Treatment
A. Group of Five Shark Specimens Bivariate
B x C 
(Acid x Cone
Means
No. 1 No . 2 No. 3 No .4 No . 5
Dist. Water 20.7 1.2 13.0 27.2 15-0
B. Acid &
C. Cone. {%)
Lactic 0.1 29.6 13-4 13.0 27.8 12.0 19-2
1. 0 46.0 24.4 21.0 42.8 30.9 19-2
2 . 0 48.4 25.6 21.6 50.0 40.3 37-2
3-0 48.4 26.7 21.6 50.0 4l. 9
5-0 51.6 26. 2 22.8 50.0 47.6 39-6
Citric 0.1 10.3 2.9 2.5 11.1 12.6 7-9
1. 0 16. A 12.7 12.3 17-8 20.4 15.9
2 . 0 23-5 19-8 19.8 18.3 31-9 22.7
3.0 24. A 20. 3 19.8 18.3 32.5 23-1
5-0 24.9 20.9 19.1 18.9 32.5 23-3
Acetic 0.1 27.7 2.3 12.3 36.1 12.6 18.2
1.0 51.2 41 .2 35-2 41.7 47.6 43.4
2.0 51 -2 47.7 51.8 50.6 52.9 50.8
3.0 51.6 4 7-7 53.1 57-2 54.5 52.8
5.0 53-1 4 7.7 53-1 57.2 55-5 53-3
Bivariate Cone. Means
A x C (Cone.) C
0.1 22 .5 6.2 9-3 25.0 12.4 15.1
1.0 37-9 26.1 22.8 34.1 33.0 30. 8
2.0 4l. 0 31.0 31-1 39.6 41.7 36.9
3-0 41.5 31.6 31.5 41.8 43.0 37-9
5.0 43.2 31.6 31.7 42.0 45.2 38.?
Bivariate
A x B (Acid)
Lactic 44.8 23.3 20.0 44.1 34.5 33-3
19.9 15-3 14.7 16.9 2O.0 18.6
47.0 37-3 4l .1 48.6 44.6 43.7
Shark Means 
A.
Overall Mean 
31-9
The results indicated that the means associated with 17 
different types of treatments were distributed among seven 
overlapping significant (p-<0.05) groupings of percentage 
values of urea removed from shark flesh as follows:
Percent Urea Removed Sharks in Type of 
_______ Means________  S anrpl e Treatment
53 • 3& 5 5°/° Acetic acid
52.8  ^ 5 y/o
50.8^ 5 2%
1+3 .1+ 5 i%
5 5°/° Lactic acid
37. 7 £  5 3/
37■28 5 2%
33-0 5 lfo
23• 3f 5 5/ Citric acid
23-laf 5 y/o
22.7 5 2%
20. 7® ^  1 Dist. water (*)
19•2 5 0.1%> Lactic acid
18.2 5 0.1$ Acetic acid
15-9 5 1% Citric acid
13 ^ Dist. water (**)
7.9s 5 0.1$ Citric acid
(*) = Shark No. 1 (**) = Sharks 2, 3, / &
5
The superscripts, a through g, indicate that the mean 
percentage values followed by the same letter or letters 
do not differ significantly at the 5f° level. For example, 
solutions of 5%, 3% and 2% acetic acid removed, on the 
average, 53-3$. 52.8%, and 50.8% of the urea initially 
present in the group of five shark samples, respectively.
The superscripts indicate there was no significant (p>0.05), 
difference among these three percentage values. There was 
a significant difference ( p < 0.05), however, between the
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value of 43.4% that was associated with the 1% acetic 
acid solution and the values of 53 ■ 3% and $ 2 . 8 % that were 
associated with the 5% and y/o acetic acid solutions, 
respectively. Between the two values, 43-4% associated 
with the 1% solution of acetic acid, and 50.8% associated 
with the 2% solution of acetic acids, there was no signif­
icant difference. In general, solutions of acetic acid 
were the most effective in removing urea from shark meat, 
whereas those of citric acid were only slightly more 
effective than distilled water.
Results of the analysis of variance based only on 
the 75 values in Table 8 above associated with the acidic 
solutions, and evaluating four sources of variation: A, 
sharks; B, acids; 0, acidic concentrations; and B x C, 
interaction between acids and concentrations, were as 
follows:
Source of variation d.f. M.S. F Value
Total 74
A. Sharks 4 551.58 13.87**
B. Acids 2 3996.09 100.48**
C. Concentrations 4 1467.95 36.91**
B x C. Acid x Cone. 8 98.42 2.47*
The F values for A, B and C, sharks, acids and concen­
trations, respectively, were all highly significant 
(p^O.Ol). The critical values of F are: for F at 
d.f. 2/56, 5*01» at d.f. 4/56, 3 *88; and at d.f. 8/56,
2 .85. The critical values of F at d.f. 8/56 are F = 2.11
• U J
and F Q1 = 2 .85.
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The F value for the B x C interaction, 2.47, was 
significant (p<0.05)* This indicates that, with respect 
to mean percentages of urea removed from shark flesh, the 
relationship between kind of acid x degree of concentration 
was not consistently maintained for all samples of shark 
flesh.
The species of shark very significantly (p^O.Ol) 
affected the mean percentage values of urea removed from 
the flesh. In relation to the initial content of urea in 
the samples, the results in general indicate that the 
greater the initial content of urea in the flesh, the 
greater is the percentage of the higher content which is 
removed by the acidic solution. The mean values arranged 
in ascending order of magnitude, for the five sharks were:
Shark No.  Urea Content______
Initial % Removed 
(g/lOOg)
3 1.62 25.3
2 1.72 25.3
5 1.91 35.0
4 1.80 36.5
1 2.13 37-2.
The results of Duncan's multiple range test indi­
cated that the mean percentage values, 43.7%, 33-3% and 
18.6$ for the three acids, acetic, lactic and citric, 
respectively were significantly different from each other 
and did not overlap.
For the mean percentage values associated with 
the five acidic concentrations, the results of Duncan's 
multiple range test indicated that the five values
were distributed among three significant ( p < 0.05) 
groupings that did not overlap:
Percent Urea Removed Number of Concentration
Means__________ Samples of Acid
38.7a 15 5f»
37-9a 15 3%"
36.9a 15 2%
30.8b 15 l%
15-1° 15 0.1%
3. Id o’ ’ Values followed by the same letter do not differ
significantly at the 5a/° level. These results indicate 
that as the concentration of the solutions increased 
from 2% to 5%> the mean percentage values for removal 
of urea increased from 36.9/" to 3 but the differ­
ences among these three values were not significant 
whereas the corresponding mean percentage values, 30.8% 
and 15-1% for the 1% and 0.1% solutions, respectively, 
were significantly different from each other and also 
from the values for the three higher concentrations.
This finding indicates that for practical purposes 
little advantage would be gained by using concentrations 
above 2% for removing urea from shark flesh.
In addition to the recommendation by the FAO (1969) 
of using citric acid solution washings for the removal of 
urea in shark flesh, our studies also indicated that the 
use of acetic acid is even more effective for attaining 
an overall higher percentage of urea removal than citric.
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III. Storage Stability Studies Results and Discussion
Three chemical tests, a) the measurement of the 
total volatile bases production, b) 2-thiobarbituric acid 
values for rancidity, and c) pH value of shark flesh, were 
used as criteria for monitoring the stability of the 
product during storage.
Figures 3 and A show production of total volatile 
bases TVB during 30> 60, 90 and 120-day storage periods 
for differently treated salted shark fillets that were 
stored under air and vacuum packaging, respectively. There 
was a significant increase in production of TVB for all 
samples during storage regardless of the treatments used 
or the conditions of packaging. Overall TVB values for 
all the samples (treated and untreated) ranged from 13.2 
to 52.0 mg volatile bases/100 g of sample. Samples stored 
under air packaging showed consistently higher values for 
TVB production from 30 to 120 days storage than samples 
stored under vacuum packaging. Citric acid combined with 
EDTA, and tripolyphosphate were better than ascorbic 
acid in the prevention of shark protein degradation as 
shown by the values of TVB during storage.
Although shark meat shows a tendency to have 
increased values (above 30 mg/100 g meat) of TVB during 
storage, due to the breakdown of the remaining urea, this 
does not necessarily mean that the flesh would be spoiled 
or unfit to be eaten as is generally the case with other
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species of fish. Due to the high levels of urea usually 
found in shark meat, probably the use of the total 
volatile bases production could not serve solely as the 
criteria for the evaluation of freshness in these parti­
cular species.
Preliminary studies conducted in Brasil with ^ 
different species along with the results for TVB found 
in shark species from the Gulf of Mexico, in agreement 
with studies conducted by Morris (1975)» indicate that 
highly acceptable dehydrated salted products can be made 
from the flesh of these species.
The onset of rancidity affecting dehydrated salted 
shark meat during storage, as indicated by the amount of 
malonaldehyde (MA) mg/1000 g, is shown by means of graphs 
in Figures 5 and 6. The amount of MA is plotted against 
the lenght of time of storage (0, 3°, 60, 90 and 120 days). 
All the samples analysed showed no significant trend for 
developing rancidity during the storage periods. Values 
for all the samples ranged from 0.68 to 1.^8 mg of 
malonaldehyde/1000 g of sample. Vacuum packed samples 
likewise showed slightly lower values for TBA during 
storage (from 30 to 120 days) that those of air packed 
samples, but in no instance could any of the samples 
(treated or untreated) be termed rancid on the basis of 
the TBA tests conducted.
Perhaps the low fat content of shark flesh (usually 
less than 1%) is a desirable characteristic that makes
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these species very suitable for the development of dehy­
drated salted products to he stored at room temperature for 
considerable periods of time.
Figures 7 and 8 show changes in the pH values of 
the various samples (treated and untreated) of dehydrate 
salted shark fillets stored at room temperature for various 
time intervals. The values ranged from 6.20 (citric/EDTA at 
0 day) to 6.62 (tripolyphosphate; vacuum packed; 16 weeks 
storage). As shown by the results on graph 10, salted shark 
both treated and untreated, after 8 weeks of storage under 
air packaging, had slightly higher pH values as compared 
to the initial values obtained just prior to storage.
Despite the low fat content of the product, the presence of
atmospheric oxygen in contact with the product may be
partly responsible for initiating a lipid oxidation reaction 
which is associated with a breakdown of urea into ammonia, 
and the production of free amines, which could be responsi­
ble for the slight increases in pH values.
These changes in pH values, although small in 
magnitude, may be very important in discoloration reactions 
such as browning reactions which are likely to adversely 
affect the quality of these products during storage. This 
fact has been demonstrated by Michael Moody (1973) who, in a 
PhD dissertation at Louisiana State University, indicated 
that pH was the primary factor governing discoloration 
reactions in breaded shrimp during storage. He also pointed 
out that the "yellowing" of discolored breading always
67
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occured at pH values that were higher than those of normal 
breading. Therefore, from the pH values shown in
Figure 8 , vacuum packaging combined with citric acid/
EDTA treatement appears to be more effective than either 
ascorbic acid or tripolyphosphate in preventing undesir­
able pH changes that may enhance discoloration reactions 
in dehydrated salted shark samples during storage.
Changes in color affecting the appearance of the 
various treated samples of dehydrated salted shark meat 
during storage were recorded by means of photographs 
taken before and after 90 days of storage. Figure 9 shows 
the external appearance before storage of dehydrated 
salted fillets A, B, C, and D corresponding to citric 
acid/EDTA, ascorbic acid, tripolyphosphate and untreated 
samples, respectively. From Figure 9 , we may observe that 
products A and C have a lighter and more attractive 
color than products B and D. Based on this finding, the 
acceptability of the four products with respect to over­
all appearance in descending order of preference would 
be: 1 - A (citric acid/EDTA), 2 - C (tripolyphosphate), 
3 - D  (untreated), and A - B (ascorbic acid). Since the 
fillets treated with ascorbic acid showed a distinctly 
darker appearance as compared with fillets for all other 
treatments, ascorbic acid should not be recommended for 
use as a color stabilizer of shark flesh (salted/dried) 
in the presence of air and high temperature during 
dehydration.
Figure 9* Dehydrated Salted Shark Fillets at Zero Day
Storage
A - Citric acid + EDTA treatment 
B - Ascorbic acid 
C - Tripolyphosphate 
D - Untreated
Figures 10 and 11 show the external appearance of 
the same four products after 90 days of storage. All 
samples stored in air packaging (Figure 10) showed some 
degree of discoloration. Products B (ascorbic acid) and 
D (untreated) developed higher degrees of discoloration 
as compared to products A (citric/EDTA) and C (tripoli- 
phosphate) .
On the other hand, all the samples stored under 
vacuum packaging showed little change in color. Although 
the photograph in Figure 11 (vacuum packed) suggests that 
products A and D are less discolored than the other, the 
appearance of all the products after 90 days of storage, 
with the exception of product B which initially already 
showed some degree of discoloration, did not vary appreci­
ably from the appearance of their counterparts at zero 
day storage. From these observations, and the results 
obtained in the chemical tests and pH values, it is 
recommended that the best treatment for the prevention 
of discoloration in dehydrated shark flesh is the use of 
citric acid combined with EDTA, and as a second alterna­
tive the use of tripolyphosphate. It should be pointed out 
that the use of the above treatments yield better results 
under vacuum packaging conditions which deserve serious 
considerations for use by fish processors intending to 
produce these kinds of products from species of sharks.
Since the choice by consumers when selecting a 
particular dehydrated salted fish product is not only
Figure 10. Dehydrated Salted Shark Fillets After 90
Days Storage Air Packed
Figure 11. Dehydrated Salted Shark Fillets After 
90 Days Storage Vacuum Packed
based on its organoleptic attributes, but also on the 
demonstrated ability of the product to take up water and 
eliminate salt during rehydration, the rehydration pattern 
of the various treated shark fillets was investigated by 
measuring the amount of water (^weight gain) taken up by 
the fillet when immersed in distilled water for various 
lenghts of time. Figure 12 shows the values of water up­
take in percentage weight gain by the various treated 
fillets after 30 minutes, 1, 2, 3 and 4 hours of soaking.
As shown in Figure 12, all the fillets (treated and un­
treated) demonstrated similarly the same ability to take 
up water. The average water uptake by the fillets was 
approximately 2$% after 1 hour immersion in distilled 
water and about 65% after 4 hours. These capacities indi­
cate that salted dried shark meat has excellent rehydrating 
properties. Possibly this fact is due to the porous and 
fibrous characteristics of the tissues and the absence of 
appreciable amounts of lipid that could act as a hindrance 
to the rapid penetration of water which is commonly 
observed in other high-fat fish species.
Finally, the number of halophilic bacteria present 
in the finished products during storage was periodically 
monitored by means of a halophilic total count procedure 
conducted in nutrient agar containing 8% of NaCl which was 
added in order to compensate for the high osmotic salt 
effect of these particular products serving as a possible 
medium for the growth os microorganisms.
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Table 9
The Total Halophylic Bacteria Count During the Storage 
of Dehydrated Salted Shark Fillets
Number of Colonies/plate
Sample Dilution factor l/lO Dilution factor 1/100
Days 0 30 90 0 30 90
Untreated (*) 0 1a 0 0 0 1
Untreated (*"*) 0 0 2 0 1 0
Citric acid + EDTA (*) 0 0 3 0 0 0
Citric acid + EDTA (**) 0 0 0 1a 0 0
Tripolyphosphate (*) 2 1 2 0 0 0
Tripolyphosphate (**) 0 0 1 0 0 0
Ascorbic acid (*) 0 3 6b 1 0 0
Ascorbic acid (**) 2 2 0 0 1
(*) Air packaging (a) Fungus colony
(■**) Vacuum packaging (b) Spreader
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Table 9 shows the number of colonies of halophilic 
bacteria detected in the various products after 0, 30 and 
90 days of storage both under air and vacuum packaging.
As these results indicate, dehydrated salted shark meat, 
processed under sanitary conditions with high quality ra- 
materials, is very safe and stable from a microbial 
standpoint. The majority of the plates counted at l/lO and 
l/lOO dilution factors, showed the halophilic bacteria 
count to be below detectable levels. In some sporadic 
occasions a few colonies of bacteria and/or fungi were 
present.
IV. Organoleptic Test Results and Discussion
Quality attributes of dehydrated salted shark 
fillets such as the internal and external appearance, 
odor, and color were evaluated initially and at 30 and 
90 days of storage by an organoleptic panel of nine judges. 
All the organoleptic data were subjected to standard 
analysis of variance with the cooperation of Dr. Kenneth 
L. Koonce, Department of Experimental Statistics, and 
the LSU system network computer center. Results of the 
analysis of variance for the two sets of mean hedonic 
socres - one set for the air packed shark fillets and the 
other set for the vacuum packed fillets - for the four 
sensory attributes are presented in Table 10. The three 
sources of variation, a) replication (9 judges), b) four 
kinds of sample treatments: ascorbic acid; tripolyphosphate;
Table 10
Analysis of Variance of Organoleptic Scores for Four 
Sensory Attributes of Dehydrated Salted Shark Flesh
Source of
Variation Color Odor Int. Appear. Ext. Appear.
Air Packed D.F. M.S. F .Value M.S." F .Value M . S . F . Value M.S. F. Value
Total 10?
Judge 8 0.75 1.60 0.79 2.44* 0.87 2 .56* 1.40 4 ,47**
Sample 3 4.97 10.59** 1.32 4.09** 6.37 15.78** 5-57 17.82**
Time 2 6.68 14.22** 32.80 101.70** 5.84 17.18** I .36 4.36**
Sample x Time 6 1.42 3 .02** 0 . 28 0.87 2.87 8.43** 0.79 0.84
Error 88 0.47 0.32 0 . 34 0.31
Vacuum Packed
Total 107
Judge 8 2.08 6.42** 1.81 5.87** 0.75 2 .11* 2.59 pA.44**
Sample 3 11.82 16.50** 2.68 8 .70** 9-75 27.39** 12.57 70.18**
Time 2 1-79 5.52** 19.90 64.63** 0.53 1.48 0 .40 2.22
Sample x Time 6 0.19 0.60 0.32 I .03 0.73 2.04 0.15 0.84
Error 88 O.32 0.31 O.36 0.18
■^Significant at p<0.05 
"^Significant at p<0.01
^3
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untreated ( controls ); and citric acid + EDTA, and c) 
length of storage time at room temperature for 0, 30, and 
90 days, affected the mean hedonic scores for the four 
organoleptic characteristics as follows:
A. Replication ( judges )..Among the nine individ­
ual judges the mean scores for the air packed samples 
ranged from I .92 to 2.67 for color; from 1.4-2 to 2.17 for 
odor; from 2.25 "to 3-08 for internal appearance; and from 
2.33 to 3*42 for external appearance. The mean hedonic 
scores based on the entire 9-member panel were 2.29 for 
color, I .90 for odor, 2.60 for internal appearance and 
2.72 for external appearance. Differences among the 
individual mean scores of the nine judges were not 
significant (p<Co.05) for color, but were significant 
( p < 0 .05) for external appearance.
For the set of vacuum packed samples, the mean 
hedonic scores for the entire panel were 2.69, 2.31>
3.00 and 3-04 for the attributes of color, odor, internal 
appearance and external appearance, respectively. 
Differences among the individual mean scores of the nine 
judges were significant ( p ^ 0.05) for internal appearance, 
and highly significant (p<0.0l) for color, odor and 
external appearance.
The overall mean hedonic scores for the four 
sensory attributes of the vacuum packed samples were 
consistently higher than the corresponding scores for 
their air packed counterparts. The mean scores of the
Table 11
Mean Scores of Judges for Four Sensory Attributes of 
Dehydrated Salted Shark Fillets
Air Packed Vacuum Packed
Judge Color Odor Int. App. Ext. App. Mean Color Odor Int. App. Ext. App. Mean
1 1.92 2.08 2.50 2.33 2.21 2.67 2.83 3-17 3.00 2.92
2 2.25 2.08 2.75 2.42 2.38 2.17 2.17 2.83 2.2 5 2. 36
3 2.08 1.42 2.25 2.50 2.06 2.08 1.50 2.42 2.50 2.12
A 2.42 1.83 2.33 2.58 2.29 2.83 2.17 3.00 3.42 2.86
5 2.08 2.00 2.50 2.58 2.29 2 .42 2.58 3.08 2.75 2.71
6 2.17 1.58 2.50 2.92 2.29 2.67 2.17 3.08 3.42 2.84
7 2.42 2.08 2.58 2.75 2.46 3.25 2.42 3.00 3.00 2.92
8 2.58 2.17 2.92 3.42 2.77 2.83 2-33 3-17 3.42 2.94
9 2.67 1.83 3.08 3.00 2.64 3.25 2.6 7 3.25 3-58 3-19
Overall
Means 2.29 1.90
2.60 2. 72 2.38 2.69
1—1CM 3.00 3.04 2.76
bO
nine individual judges for the four organoleptic 
characteristics of the various samples of shark fillets 
are shown in Table 11.
B. Sample Treatments. Of the three additives 
selected for study in this investigation, two substances, 
ascorbic acid and tripolyphosphate, adversely affected 
the mean hedonic scores for the four attributes of color, 
odor, internal appearance and external appearance, as 
compared with the scores associated with the untreated 
control samples for both air and vacuum packed shark 
fillets. The treatment with citric acid + EDTA, however, 
significantly ( p < 0.05) and beneficially increased the 
mean hedonic scores for all four attributes of the 
samples, whether air or vacuum packed. The mean hedonic 
scores associated with the different treatments are shown 
in Table 12.
C. Length of Storage Time. The length of time the 
shark fillets were stored at room temperature did not 
significantly ( p ^ 0.05) affect the mean hedonic scores 
for external and internal appearance of the vacuum packed 
samples. Significantly (p<0.0l) affected by length of 
storage time were the mean hedonic scores for the four 
attributes of color, odor, external and internal appearance 
of the air packed samples and the two attributes of color 
and odor of the vacuum packed samples. As the length
of storage time increased the mean hedonic scores for 
each of the four attributes of the air and vacuum packed
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Table 12
Effects of Three Selected Additives on Mean Organoleptic 
Scores for Air and Vacuum Packed Dried Salted Shark Meat
During Storage
Sample 
Air Packed 
Ascorbic acid 
Tripolyphosphate 
Untreat, (control) 
Citric acid/EDTA
Mean Organoleptic Scores 
Color Odor Int. App. Ext. App
1.89 1.78 2 .hi 2.15
2.11 1.85 2 .11 2.59
2.26 1 . 7E 2 . 7h 2.96
2 .89 2.22 3-15 3.18
Vacuum Packed
Ascorbic acid 2 . oh 2.07 2.52 2.11
Tripolyphosphate 2.26 2.19 2 . h8 2.96
Untreat, (control) 2.96 2.22 3.30 3 .hi
Citric acid/EDTA 3 .h8 2.78 3.70 3.87
d2
samples during storage were as follows:
Storage
(days) Color  Odor Int. App. Ext. Ann.
Air Vac. Air Vac. Air Vac. Air Vac .
Pack. Pack. Pack. Pack. Pack. Pack. Pack. Pack.
0 2. 78a 2.92a 3 .00a 3-l4a 3.00a 3 .08a 2.92a 3 .lla
30
1—1 1—1CM 2.67ab 1 .36b
,■01—1f—1CM 2. 6lb 3 .06a 2 .72ab 3.08a
90 1.97b 2 A 7 b 1 ■ 33b 1 .69° 2.19° 2 .86a 2 .53b 2.92a
derail
Mean 2.29 2.69 1.90 2.31 2.60 3.00 2.72 3-OA
a b c
' ’ Values within a column followed by the same letter or
letters do not differ significantly at the level.
In Table 13 are presented two sets of correlation 
coefficients, one set pertaining to the air packed samples 
of shark fillets, and the other to the vacuum packed 
samples. In each set are listed 21 correlations represen­
ting all possible combinations of three chemical parameters 
with four organoleptic attributes of shark fillets. The 
values associated with the air packed samples ranged from 
-.65^ for the odor - TBA pair to +.855 f°r 'the color - in­
terior appearance pair, while the range of values 
associated with the vacuum packed samples extended from 
-.7^1 for the pH - internal appearance pair to-+.917 f°r 
the color - internal appearance pair.
The number of significant (p<0.05 & p-^O.Ol) 
correlations associated with the air packed samples was 
seven; the corresponding number for the vacuum packed 
samples was five; of these twelve significant correlations,
Table 13
Correlation Coefficients for Four Sensory Attributes 
with Three Chemical Parameters
Ext. App. Int. App. Color Odor T.V.B. pH T.B.A.
Air Packed
Ext. App. _ O.696* 0.810** 0.424 -0.320 -0.396 -0.452
Int. App. O.696* _ O.855** 0.535 -0.489 -0.559 -0.503
Color 0 .810** 0.855** - 0 .709** -0.423 -0.479 -0.600*
Odor 0.424 0.535 0.709** - -0.504 -0.181 -0.654*
TVB 0.320 -0.489 -0.423 -0.504 - 0.309 0.590*
pH
TBA
-0.396
-0.559 -0.479 -0.181 0.309 - 0.511
-0.452 -O.503 -0.600* -0.654* 0.590* 0.511 -
Vacuum Packed
Ext. App. _ 0.770** 0.853** 0.398 -0.136 -0.374 -0.113
Int. App. 0.770** - 0.917** 0.391 -0.175 -0.741* -0.147
Color O.853** 0 .917** - 0.572 -0.213 -0.704* -0.202
Odor 0.398 0.391 0.572 - -0.561 -0.387 -0.307
TVB -0.136 -0.175 -0.213 -O.56I - 0.049 0.170
pH -0.374 -0.741** -0.704* -0.387 0.049 - O.389
TBA -0.113 -0.147 -0.202 -0.307 0.170 O .389 -
■^Significant at p<0.05 
^'Significant at p<T0.01
a
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three were common to both sets of samples; four were 
peculiar to the air packed samples and two were peculiar 
to the vacuum packed samples.
The three significant correlations common to both 
sets of samples were all positive and pertained to the 
hedonic scores for external appearance vs color, and 
internal appearance vs color. These relationships 
indicated that as the hedonic scores for external 
appearance increased, so did the scores for internal 
appearance; similarly, as the scores for external and 
internal appearance increased, so did the scores for 
color.
Two of the four significant correlations peculiar 
to the air packed samples were positive, namely, color 
vs odor and TBA vs TVB; that is, as the hedonic scores 
for color increased, so did the scores for odor; likewise, 
as the values for TBA increased, so did those for TVB.
The two other significant correlations peculiar to the 
air packed samples were negative, namely color vs TBA and 
odor vs TBA; that is, as the TBA values decreased, the 
mean hedonic scores for both color and odor increased.
The two significant correlations peculiar to the 
vacuum packed samples were negative, namely, pH vs inter­
nal appearance and pH vs color; that is, as the pH of 
the shark flesh decreased, the hedonic scores for color 
and internal appearance increased.
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The distribution of the above significant 
correlations between the two sets of differently packed 
samples together with the results of the analysis of 
variance of the mean hedonic scores indicate that when 
dehydrated salted shark meat has been adequately processed 
in the presence of citric acid combined with EDTA and 
vacuum packed, the product would be acceptable to 
consumers as regards the four organoleptic qualities of 
external and internal appearance, color, and odor. On the 
other hand, samples that had been processed according to 
the same procedures but stored under air packing condi­
tions would be less acceptable because unpleasant odors 
and darker shades of color are likely to develop during 
storage.
» 6
SUMMARY
Preliminary studies conducted with underutilized 
species of shark indicated that pleasant to the taste 
dehydrated salted fish products can be made from them.
The effects of lactic, citric, and acetic acids, 
each at concentrations of 0.1, 1.0, 2.0, 3*0, and 5*0$> as 
well distilled water alone as a control treatment, on the 
removal of urea from shark flesh, were investigated. Uniform 
procedures with respect to conditions of time and tempera­
ture were maintained for all the treatments including the 
control with distilled water. Results indicated that: l) 
Acetic acid removed more urea from shark flesh than any of 
the other reagents. 2) Results of the analysis of variance 
of the data indicated that there was not a significant in­
crease in the percent of urea removed from shark flesh by 
increasing the acid concentrations above 2%. 3) There is 
a significant difference among shark specimens in regard 
to the ability to release urea during the extraction 
treatments. These findings also indicated that the less 
the amount of urea that is present in the shark flesh 
(g/100 g) the more firmly it is bound to the protein tissue 
and difficult to be removed. On the other hand, the higher 
the initial concentrations of urea in the shark flesh, the 
greater is the proportion, or percentage of urea removed 
by the treatments.
The effects of ascorbic acid, tripolyphosphate, and 
citric acid/EDTA, combined with controled packaging
conditions were investigated as possible means to prevent 
discoloration during storage of dehydrated salted shark. 
Changes in the quality of the final products in regard to 
color, odor, external and internal appearance were evalu­
ated by means of an organoleptic panel consisted of nine 
judges. Results of the analysis of variance of the mean 
hedonic scores obtained from the organoleptic panel indi­
cated: a) citric acid combined with EDTA was the most 
effective treatment for enhancing the color and preventing 
discoloration in dehydrated salted shark fillets during 
storage, b) tripolyphosphate ranked second as a possible 
color stabilizer for this particular product, c) all the 
samples packed under vacuum received higher scores than 
their counterparts stored under air packaging, and d) there 
was a series of significant correlations between changes 
in the organoleptic attributes tested and chemical 
parameters such as TVB, TBA, and pH.
From the results obtained in this investigation the 
following are recommended: l) Shark meat, when intended for 
the manufacture of dehydrated salted products, should be 
treated with citric acid/EDTA and preferably packed under 
vacuum conditions for attaining better results 
practical purposes, in terms of effort and economy and to 
avoid possible odor interference in the final product, the 
use of acetic acid at 1% is recommended for removal of urea 
from shark meat.
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APPENDIX A
Organoleptic Evaluation of Shark Flesh from Four 
Different species
Species Characteristics of
Fresh
the flesh
After salting and drying (*)
Prionace glauca Very white and pleasant odor 
Tissue consistency very weak 
Poor water retention in 
tissues
Very white and uniform 
Texture firm 
Pleasant odor
Charcharinus sp. White with dark tissues 
scattered on the surface 
Firm texture 
Slight odor of ammonia
White-yellowish with dark 
spots on the surface 
Very firm texture 
Pleasant odor
Isurus oxyrhynchus/Light gray color and mushy
texture. Dark tissues spread 
inside white flesh 
Odor of ammonia
White-brownish with firm texture 
Slight odor of ammonia
Sphyrna sp. White with dark tissues White-yellowish with dark spots.
widely spread. Firm texture Firm texture
slight odor of ammonia Pleasant odor
(*) See photographic illustrations
APPENDIX B
AMEQU/M  t
Internal Appearance of Dehydrated Salted 
Shark Oust from Various Species
Common name (Brazil) Scientific name 
Cambeva Sphyrna sp.
Anequim Isurus oxyrhynchus
Machote Carcharinus sp.
Mole-mole Prionace glauca
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APPENDIX C
Dehydrated Salted Flesh from Carcharinus sp. 
Picture shows both sides of the same piece.
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APPENDIX D
Explanatory Information on Appendixes B & C
Appendix B shows differences in internal appearance 
and color in dehydrated salted fillets of products made from 
b different species of shark. This picture shows that on an 
increasing scale for selecting the species based on an 
aesthetic preference (top to "bottom) they would rank: b) 
Sphyrna sp., 3) Isurus oxyrhynchus, 2) Carcharinus sp. and 
1) Prionace glauca. On the other hand, the final products 
made from the four different species did not vary signifi­
cantly from each other in a consumer acceptance test 
conducted.
Appendix C shows the external appearance of a 
dehydrated salted shark fillet made from Carcharinus sp. This 
picture shows both sides of the same piece. The piece on the 
right side of the picture shows a large dark spot on the 
lower portion. This was caused by dark tissue that remained 
untrimmed in the fillet after salting and drying and makes 
the product unatractive to the consumer, although it does 
not affect the taste at all.
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APPENDIX E
Proximate Composition of Fresh and Dehydrated 
Salted Shark Flesh on % Basis Dry Weight
(*)
Species Moisture Fat Protein Ash NaCl
Carcharinus sp. 79 ■.4 1 ,.10 18,.4 1..4 ----- - -
" dried salted 33 .6 0,,80 42,, 0 23.4 22 , 0
Prionace glauca
PUCO .0 0,,80
1—1 , 0 0,.8 ----- --
" dried salted 31 ■.0 0,, 6o 41,■ 5 26, 2 25..3
I. oxyrhynchus 80,, 2 0,, 60 17., 6 1 , 1 ---- -
” dried salted 39 ■.2 0 , 30 33.,8 26,.1 25., 0
Sphyrna sp. 78,,8 0 , 80 19.,8 1,,2 ---- -
" dried salted 35.• 7 0,.60 4o,,1 24,,1 24..3
(*) fo of Protein nitrogen X 6.25
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APPENDIX F
Total Percentage Yield of Flesh and Waste Material 
in Several Specimens of Prionace glauca (*)
Specimen Total wt.
(Kg)
Total
flesh
(Kg)
Waste
material
(Kg)
% Yield 
Flesh Waste
1 28.1 18.1 9.75 64.4 34.7
2 34.1 22.0 11.4o 64.5 33.4
o
J 31-3 21.3 9.50 68.0 30 .4
4 38-5 24. 7 13-40 64.2 34.8
5 23.8 15-3 8.30 64.3 34.9
6 58.5 37-7 20 .10 64.4 34.4
7 36. 4 25.0
O<T\1—1 
1—i 68.70
0(—1 
cm
8 35-6 24.1 11.30 67.70 31.8
Total 286.3 188.2 95-05
Average Yield 67.5 33-2
(*) Headless and eviscerated
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